Introduction {#Sec1}
============

Gestational diabetes mellitus (GDM) is defined as any degree of glucose intolerance with first recognition or onset during pregnancy^[@CR1]^, which is an increasing public health problem. Worldwide, a total of 21.3 million women experienced hyperglycemia during pregnancy and nearly 86.4% of pregnant women were diagnosed to have GDM in 2017^[@CR2]^. Furthermore, studies indicate that compared with European women, Asian women have a higher incidence of GDM^[@CR3],[@CR4]^. Chinese pregnant women experience an elevated incidence of GDM due to China's rapid economic and social development, which led to the change of lifestyle in the past several decades^[@CR5]^. In 2015, a total of 2.90 million pregnant women suffered from GDM in China^[@CR6]^, resulting in the implementation of one-child policy by the Chinese government.

Consequently, GDM has become a major public health problem because of China's limited social and medical resources. Hence, in China, the health burden of GDM is significant. One study reported that the cost of pregnant women with GDM was ¥ 6,677.37 more than that of pregnant women without GDM. As a result, in 2015, the total burden cost of GDM was calculated to be ¥ 19.36 billion^[@CR6]^, which is equal to 0.5% of the total public expenditure for healthcare and medical and family planning in China^[@CR7]^. Due to the silent nature of GDM, an oral glucose tolerance test (OGTT)was performed to establish the diagnosis of GDM in pregnant women at 24--28 weeks' gestation^[@CR8]^.

Considering that the huge economic cost and social resource consumption for the diagnosis of GDM by implementing OGTT, not all pregnant women can perform a 75-g OGTT in some remote rural areas because of China's limited medical and social resources^[@CR9],[@CR10]^. Therefore, we can choose to establish a relatively reliable FPG threshold in OGTT as the reference value, so as to judge whether to continue to carry out the remaining experiments in OGTT, and ultimately achieve resource saving and improve diagnostic rate. One study reported that when the risk of GDM was between 1.0% and 4.2%, performing fasting plasma glucose (FPG) test followed by OGTT was the cost-effective method^[@CR11]^. Moreover, another research compared the costs of the following three strategies in establishing the diagnosis of GDM: 100-g OGTT, 75-g OGTT, and FPG test of the OGTT. Consequently, the research revealed that performing FPG test was the ideal method^[@CR12]^. Therefore, performing FPG test is recommended to establish the diagnosis of GDM at 24--28 weeks' gestation. Additionally, initially performing an FPG test prevents the need of performing many subsequent OGTTs, hence reducing the health burden of the Chinese societies and families.

The advantages of performing FPG test to establish the diagnosis of GDM include the following: the test is cheap, reproducible, and reliable and has no vomiting response, response that is usually evident when performing OGTT or the glucose challenge test. FPG test can be performed in pregnant women who were unable to tolerate glucose-containing drinks. FPG test was performed to establish the diagnosis of GDM^[@CR13]^. Zhu *et al*. reported that during the first prenatal visit, increased FPG level was strongly associated with GDM at 24--28 weeks' gestation in China^[@CR14]^. However, there were only two similar studies that assessed the sensitivity and specificity of FPG value in establishing the diagnosis of GDM at 24--28 weeks' gestation in China, stressing that if the FPG cutoff value was between 4.4 mmol/L and 5.1 mmol/L, the pregnant women should undergo OGTT^[@CR14],[@CR15]^. Whereas, one of the disadvantages in the above studies was that the data from the above study were derived from a hospital that consisted of a small sample size due to the following reason: rural residents rarely visited to the general hospital.

Chinese women tend to get pregnant at young ages^[@CR16]^ is different from the other countries or healthcare systems, especially in developed countries, where women get pregnancy at older ages^[@CR17]^. As well, pre-pregnancy body mass index (BMI) is a known risk factor for GDM^[@CR18],[@CR19]^. In addition, studies revealed pre-pregnancy BMI might be as a predictor for GDM. Whereas, compared to population in other races, the BMI levels of Asians might be generally lower, which was contributed to ethnic differences^[@CR20],[@CR21]^.

Therefore, this study aimed to assess the sensitivity and specificity of FPG value to establish the diagnosis of GDM based on maternal age and pre-pregnancy BMI categories in China with a registered data and to improve the diagnostic rate of GDM, hence avoiding the performance of a number of OGTTs and consequently reducing the health burden of the Chinese societies and families.

Materials and Methods {#Sec2}
=====================

Study design {#Sec3}
------------

The Medical Birth Registry of Xiamen (MBRX) recorded the results of a 75-g OGTT for pregnant women and implemented the International Association of Diabetes and Pregnancy Study Group (IADPSG) criteria (one-step approach). Over 7 years, from March 1, 2011, to March30, 2018, pregnant women at 24--28 weeks' gestation who were registered at the MBRX underwent the 75-g OGTT in Xiamen. According to the GDM diagnostic criteria, the venous plasma glucose values were recorded and analyzed. We created the receiver operating characteristic (ROC) curves to detect the FPG value and subsequently to establish the diagnosis of GDM based on the result of the 75-g OGTT, which is the standard method, and each point as a screening node was analyzed.

Definition {#Sec4}
----------

The diagnosis of GDM could be established by the Ministry of Health in China according to IADPSG^[@CR22]^ when any of the following FPG values were met or exceeded: 0 h, greater than or equal to5.1 mmol/L; 1 h, greater than or equal to 10.0 mmol/L; and 2 h, greater than or equal to 8.5 mmol/L. BMI was calculated on account of self-reported weight and measured height. According to World Health Organization recommendations for Asian population^[@CR23]^, the pregnant women were classified into four groups: underweight, BMI \<18.5 kg/m^2^; normal weight, 18.5--23.9 kg/m^2^; overweight, 24.0--27.9 kg/m^2^; and obesity, ≥28 kg/m^2^. Maternal age was classified into four groups: ≤25 years; 26--30 years; 31--35 years; and \>35 years.

Informed consent and ethics statements {#Sec5}
--------------------------------------

The ethics committee of the First Affiliated Hospital of Xiamen University approved our study waived the need for informed consent, which composed and worked in accordance with the Chinese GCP and relevant regulations. The application number was KYH2018-007. In addition, this study was carried out in accordance with the rules of the Declaration of Helsinki of 1975, revised in 2013.

Statistical analysis {#Sec6}
--------------------

The characteristics of study population were analyzed by SPSS version 17.0 statistical software (SPSS Inc., IL, USA). Continuous variables were showed as Median (min-mix). Discontinuous variables were expressed as n (%), which were analyzed by Chi-square (χ^2^) test. This study compared FPG cutoff values across pre-pregnancy BMI and maternal age categories. Receiver operating characteristic (ROC) curve analysis was conducted to identify the diagnostic power of FPG value of OGTT at pre-pregnancy in predicting development of GDM. The level of statistical significance is set at 0.05.

Results {#Sec7}
=======

Characteristics of study population {#Sec8}
-----------------------------------

A total of 78,572 pregnant women (age range, 18--53 years old) registered at the MBRX underwent a 75-g OGTT. Most of the pregnant women (51,600) had education levels higher than 9 years. Additionally, the parity of the 36,869 (53.00%) pregnant women was more than two times (Table [1](#Tab1){ref-type="table"}). A total of 13,658 pregnant women were diagnosed to have GDM on account of maternal age and pre-pregnancy BMI categories based on the IADPSG criteria. The results of performing a 75-g OGTT in order to establish the diagnosis of GDM revealed that the following pregnant women have met or exceeded the FPG values: 0 h (≥5.1 mmol/L), 2,753 pregnant women; 1 h (≥10.0 mmol/L), 3,088 pregnant women; and 2 h (≥8.5 mmol/L), 3,257 pregnant women. The diagnostic rates of GDM were 18.8%, 21.07%, and 22.2%, respectively. Furthermore, the diagnostic rate of GDM was 35.7% following the FPG criteria in the OGTT. To assess the FPG value of OGTT to establish the diagnosis of GDM at 24--28 weeks' gestation, the ROC curves are shown in Figure [1](#Fig1){ref-type="fig"}. The area under the ROC curve was 0.752 (95% CI, 0.747--0.757; SE, 0.003; *P* \< 0.001).Table 1Characteristics of study population.NMedian (min-max) or n (%)Age, years77,85928 (18--53)BMI, kg/m^2^77,85920.6 (13.3--44.4)Systolic blood pressure, mmHg51,788107 (70--160)Diastolic blood pressure, mmHg51,79465 (40--105)Education, No.68,066100%   ≤9 years16,90024.83%   \>9 years511,60075.17%Family history of diabetes, No.73,670100%   Yes1,8252.48%   No71,84597.52%Family history of hypertension, No73,670100%   Yes3,8495.22%   No69,82194.78%Fasting glucose in first trimester, mmol/L46,1834.7 (2.9--8.7)OGTT at week 24--28, mmol/L   Fasting glucose78,5724.5 (3.0--14.3)   1-h glucose78,5727.8 (20--23.2)   2-h glucose78,5726.6 (2.5--23.9)Parity, No.69,559100%   132,69047.00%   ≥236,86953.00%BMI, body mass index; OGTT, oral glucose tolerance test.Figure 1The receiver operating characteristic (ROC) curve of the participants in this study (the area under the ROC curve was 0.752; 95% CI, 0.747--0.757; SE,0.003; *P* \< 0.001).

The overall association between FPG cutoff value and GDM diagnosis {#Sec9}
------------------------------------------------------------------

FPG value was more than 5.1 mmol/L, the diagnosis of GDM (6.10%) in pregnant women was confirmed. As shown in Table [2](#Tab2){ref-type="table"}, with the cutoff FPG value of 4.5 mmol/L, 72.7% of pregnant women were diagnosed to have GDM with specificity of 0.600. If the FPG value of 4.5 mmol/L was the cutoff value to identify who should undergo the 75-g OGTT, then 50.37% (44.27% with values were less than 4.5 mmol/L plus 6.10% with values were greater than 5.1 mmol/L) of pregnant women could avoid the performance of a 75-g OGTT with the probability that 27.3% of pregnant women with GDM may miss to undergo a 75-g OGTT. If the FPG value of 4.4 mmol/L or 4.3 mmol/L serves as the cutoff value, the missed percentage of pregnant women who should undergo a 75-g OGTT would be 20.2% or 14.2% with the specificity was 0.474 and 0.350 respectively.Table 2Fasting glucose plasma cutoff values of gestational diabetes mellitus diagnosis.Cut point (mmol/L)At or above the value, n (%)SensitivitySpecificityFPRFNRYouden indexPLRNLRPPVNPV4.072457 (92.22)0.9680.0880.0320.9120.0561.0610.3640.9260.1894.167954 (86.49)0.9430.1520.0570.8480.0951.1120.3750.8770.2944.261580 (78.37)0.9060.2420.0940.7580.1481.1950.3880.8130.4154.353896 (68.59)0.8580.3500.1420.6500.2081.3200.4060.7430.5304.445030 (57.31)0.7980.4740.2020.5260.2721.5170.4260.6710.6364.535932 (45.73)0.7270.6000.2730.4000.3271.8180.4550.6050.7234.627585 (35.11)0.6480.7120.3520.2880.3602.2500.4940.5490.7894.720454 (26.03)0.5770.8070.4230.1930.3842.9900.5240.5120.8444.814554 (18.52)0.5050.8820.4950.1180.3874.2800.5610.4930.8874.910122 (12.88)0.4440.9380.5560.0620.3827.1610.5930.5150.9195.07056 (8.98)0.3940.9750.6060.0250.36915.7600.6220.6090.9425.14794 (6.10)0.34910.65100.349---0.6511.0000.959FPR, false positive ratio; FNR, false negative ratio; PLR, positive likelihood ratio; NLR, negative likelihood ratio; PPV, positive predictive value; NPV, negative predictive value.

The association between FPG cutoff value and GDM diagnosis according to maternal age categories {#Sec10}
-----------------------------------------------------------------------------------------------

1,837 (9.6%) women were diagnosed as GDM for maternal age ≤25 years, 6,085 (15.9%) women for maternal age among 26 to 30 years, 3,880 (24.8%) women for maternal age among 31 to 35 years, and 1,766 (36.0%) women for maternal age \>35 years, *P* \< 0.001. To evaluate the FPG value of OGTT to establish the diagnosis of GDM at 24--28 weeks' gestation based on different maternal age, the ROC curves are shown in Table [3](#Tab3){ref-type="table"}. The area under the ROC curve of different maternal age was 0.76, 0.74, 0.74, and 0.75, respectively for maternal age ≤ 25, 26--30, 31--35, and \>35 years groups.Table 3The receiver operation characteristic curve of the participants among different maternal age.Age (years)GDM (n/%)No-GDM (n)*P* valueArea Under ROC curve95CISE*P* value≤251837 (9.6)172720.760.748--0.7750.007\<0.00126--306085 (15.9)32140\<0.0010.740.730--0.7460.004\<0.00131--353880 (24.8)117440.740.730--0.7500.005\<0.001\>351766 (36.0)31350.750.735--0.7650.008\<0.001GDM, gestational diabetes mellitus; ROC, receiver operation characteristic; CI, confidence intervals; SE, standard error.

As presented in Table [4](#Tab4){ref-type="table"}, with the cutoff FPG value of 4.5 mmol/L, 70.4% of pregnant women aged less than 25 years were diagnosed to have GDM with specificity of 0.658. As well, with the FPG cutoff value of 4.5 mmol/L, 70.6% of pregnant women aged among 26 to 30 years were diagnosed as GDM with specificity of 0.601, and 74.9% of pregnant women aged among 31--35 years were diagnosed as GDM with specificity of 0.542. Besides, 77.6% of pregnant women aged more than 35 years were diagnosed as GDM with the specificity of 0.497.Table 4Fasting glucose plasma cutoff values of gestational diabetes mellitus diagnosis according to age categories.Cutoff point (mmol/L)≤ 25 years26--30 years31--35 years\> 35 yearsAt or above the value, n (%)Sensitivity1-SpecificityAt or above the value, n (%)Sensitivity1-SpecificityAt or above the value, n (%)Sensitivity1-SpecificityAt or above the value, n (%)Sensitivity1-Specificity4.017077 (89.37)0.9580.88735198 (92.08)0.9660.91214838 (94.97)0.9740.9424719 (96.29)0.9890.9484.115714 (82.23)0.9310.81132978 (86.27)0.9380.84914136 (90.48)0.9520.8894567 (93.19)0.9710.9104.213850 (72.48)0.8850.70829828 (78.03)0.8970.75813105 (83.88)0.9220.8114287 (87.47)0.9480.8334.311712 (61.29)0.8270.59025993 (68.00)0.8410.64911750 (75.20)0.8800.7103943 (80.45)0.9080.7464.49423 (49.31)0.7720.46321575 (56.44)0.7790.52410082 (64.53)0.8180.5883475 (70.90)0.8510.6294.57194 (37.65)0.7040.34217123 (44.80)0.7060.3998284 (53.02)0.7490.4582948 (60.15)0.7760.5034.65224 (27.34)0.6240.23613037 (34.11)0.6260.2876570 (42.05)0.6730.3372434 (49.66)0.7040.3804.73641 (19.05)0.5650.1519515 (24.89)0.5540.1915046 (32.30)0.5940.2331938 (38.54)0.6230.2674.82397 (12.54)0.4990.0866725 (17.59)0.4880.1173667 (23.47)0.5070.1451475 (30.10)0.5410.1664.91579 (8.26)0.4590.0434592 (12.01)0.4280.0622600 (16.64)0.4370.0771093 (22.30)0.4610.0895.01074 (5.62)0.4190.0183087 (8.08)0.3810.0241856 (11.88)0.3840.031832 (16.98)0.4020.0395.1629 (3.62)0.37702061 (5.39)0.33901300 (8.32)0.3350631 (12.87)0.3570

The association between FPG cutoff value and GDM diagnosis according to pre-pregnancy BMI categories {#Sec11}
----------------------------------------------------------------------------------------------------

1,511 (10.5%) women were diagnosed as GDM for pre-pregnancy BMI \<18.5 kg/m^2^, 8,657 (16.6%) women for pre-pregnancy BMI among 18.5 to 23.9 kg/m^2^, 2,743 (29.1%) women for pre-pregnancy BMI among 24.0 to 27.9 kg/m^2^, and 657 (35.7%) women for pre-pregnancy BMI ≥28 kg/m^2^. According to pre-pregnancy BMI categories, the ROC curves are presented in Table [5](#Tab5){ref-type="table"}. The area under the ROC curve of pre-pregnancy BMI categories was 0.66, 0.74, 0.81, and 0.83, respectively for pre-pregnancy BMI \<18.5 (underweight), 18.5--23.9 (normal), 24.0--27.9 (overweight), and ≥28 kg/m^2^ (obesity) groups.Table 5The receiver operation characteristic curve of the participants among different BMI.BMI (kg/m^2^)GDM (n)No-GDM (n)*P* valueArea Under ROC curve95CISE*P* value\<18.51511 (10.5)128410.660.647--0.6800.008\<0.00118.5--23.98657 (16.6)43595\<0.0010.740.731--0.7440.003\<0.00124.0--27.92743 (29.1)66740.810.794--0.8150.005\<0.001≥28.0657 (35.7)11810.830.811--0.8540.011\<0.001BMI, body mass index; GDM, gestational diabetes mellitus; ROC, receiver operation characteristic; CI, confidence intervals; SE, standard error.

As presented in Table [6](#Tab6){ref-type="table"}, with the FPG cutoff value of 4.5mmom/L, 54.9% of pregnant women with pre-pregnancy BMI less than 18.5 kg/m^2^ (underweight) were diagnosed as GDM with the specificity of 0.692. Meanwhile, with the cutoff FPG value of 4.5 mmol/L, 70.8% of pregnant women with pre-pregnancy BMI among 18.5 to 23.9 kg/m^2^ (normal) were diagnosed to have GDM with specificity of 0.597. In addition, with the cutoff FPG value of 4.5 mmol/L, 84.7% or 89.3% pregnant women with pre-pregnancy BMI among 24--27.9 kg/m^2^ (overweight) or ≥28.0 kg/m^2^ (obesity) were diagnosed as GDM with specificity of 0.485 and 0.391 respectively.Table 6Fasting glucose plasma cutoff values of gestational diabetes mellitus diagnosis according to body mass index categories.Cutoff point (mmol/L)\<18.5 kg/m^2^18.5--23.9 kg/m^2^24--27.9 kg/m^2^≥28.0 kg/m^2^At or above the value, n (%)Sensitivity1-SpecificityAt or above the value, n (%)Sensitivity1-SpecificityAt or above the value, n (%)Sensitivity1-SpecificityAt or above the value, n (%)Sensitivity1-Specificity4.012677 (88.33)0.9320.87848318 (92.47)0.9700.9169036 (95.95)0.9890.9481801 (97.99)0.9910.9744.111557 (80.53)0.8790.79745349 (86.79)0.9420.8538729 (92.69)0.9810.9051760 (95.76)0.9860.9424.210042 (69.97)0.8150.68641123 (78.70)0.9040.7648212 (87.20)0.9620.8351693 (92.11)0.9770.8904.38323 (58.03)0.7280.56335920 (68.74)0.8500.6557557 (80.25)0.9350.7481593 (86.67)0.9630.8134.46499 (45.28)0.6390.43129912 (57.25)0.7860.5306684 (70.98)0.8940.6341460 (79.43)0.9270.7214.54788 (33.36)0.5490.30823695 (45.35)0.7080.4035760 (61.17)0.8470.5151306 (71.06)0.8930.6094.63402 (23.70)0.4570.21117950 (34.35)0.6250.2884781 (50.77)0.7850.3941132 (61.59)0.8450.4894.72246 (15.65)0.3700.13113049 (25.06)0.5490.1913845 (40.83)0.7200.280955 (51.96)0.7980.3654.81404 (9.78)0.3000.0749101 (17.42)0.4760.1142974 (31.58)0.6370.184785 (42.71)07380.2544.9846 (5.89)0.2550.0366166 (11.80)0.4120.0602214 (23.51)0.5700.097638 (34.71)0.6800.1625.0504 (3.51)0.2160.0144141 (7.93)0.3630.0231692 (17.97)0.5110.043512 (27.86)0.6350.0805.1288 (2.01)0.19102759 (5.28)0.31901257 (13.35)0.3350380 (20.67)0.5780

Discussion {#Sec12}
==========

Although it had been reported that FPG was a poor predictor for GDM later in pregnancy based on the FPG level decreases at the end of the first trimester and with a low sensitivity or poor specificity^[@CR24],[@CR25]^, in this study, ROC curve analysis presented that FPG ≥4.5 mmol/L was the optimal threshold for predicting GDM, with a sensitivity of 72.7% and a specificity of 60.0%.

Our study showed that the diagnostic rate of GDM using 5.1 mmol/L as the cutoff FPG value based on the IADPSG criteria was only 35.7%. However, another study indicated that the IADPSG criteria diagnosed GDM using the FPG value (55%) alone for the complete Hyperglycemia and Adverse Pregnancy Outcome (HAPO) cohort study. Interestingly, the diagnostic rate of GDM using the FPG value (5.1 mmol/L) was 47% in Singapore^[@CR26]^. Compared with these results, the diagnostic rate is lower in this study. It is clear that the FPG cutoff value of 5.1 mmol/L was to establish the diagnosis of GDM based on the IADPSG criteria was not possible in China. If we use these criteria, there is a bigger possibility that the diagnosis of GDM in some pregnant women will be missed. Any local adaptations of these criteria will have to be dependent on the exact local data of the population under consideration.

Additionally, the Ministry of Health in China published the GDM diagnostic criteria in 2011, which stated that if FPG value was greater than or equal to 5.1 mmol/L, immediately, the pregnant women can be diagnosed as having GDM and if FPG value was greater than or equal to 4.4 mmol/L and less than 5.1 mmol/L, the 75-g OGTT must be performed in pregnant women^[@CR22]^. Our research found that if FPG level was greater than or equal to 5.1 mmol/L, immediately, pregnant women can be diagnosed as having GDM with a specificity of 100%. Additionally, if FPG value was less than or equal to 4.5 mmol/L, pregnant women can be ruled out in the diagnosis of GDM with a sensitivity of 72.7%. In view of the above results, we conclude that with the FPG values between 4.5 and 5.1 mmol/L, an optimal threshold to rule out or identify GDM in China. This threshold range will reduce the performance of a number of OGTTs by about 50.37%. Interestingly, one study reported that an FPG value of 4.4 mmol/L should be used as the optimal cutoff value, which could reduce the performance of a number of OGTTs by about 50.3% with the probability that the diagnosis of GDM to about 12.2% of pregnant women may be missed^[@CR15]^. Although the threshold of FPG value is different, the proportion of avoiding performance of OGTT is similar.

The study had some advantages. The major advantage was that its data were derived from a registered system with a large sample size, which registered Chinese pregnant women who came from the countryside and city to avoid selection bias. Moreover, it was the first research to evaluate the sensitivity and specificity of FPG value to establish the diagnosis of GDM in China with registered data, which had strong public health significance.

The study also had some limitations. Firstly, this study is a retrospective design that included unavoidable selection bias. Secondly, all data were from the MBRX, and pre-pregnancy BMI of Chinese differs from other population; hence, there was a lack of data from other regions. Thirdly, the effects of other factors on incidence of GDM are unavailable, such as physical activity or dietary habit.

As a conclusion, FPG test, with a high sensitivity and specificity, is used as an ideal GDM screening tool for low-resource countryside that simplifies the demanding algorithm for the establishment of the diagnosis of GDM. Moreover, for maternal age and pre-pregnancy BMI categories, FPG ≥4.5 mmol/L could be as an optimal predictor for GDM in all groups with a high sensitivity, which could improve the diagnostic rate and reduce the health burden of the Chinese societies and families.
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